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(54) Methods for capture and selective release 
and amplification of same 

(57) Nucleic acids can be made available for ampli- 
fication or other treatment after lysis by contacting the 
lysate with specific weakly basic polymers to form a pre- 
cipitate with the nucleic acids at acidic pH. After remov- 
ing non-precipitated materials, the pH is then made ba- 
sic thereby releasing the nucleic acids Irom the polymer. 



of nucleic acids using weakly basic polymer 



This method for preparing specimen samples is simple 
and quite rapid, and the released nucleic acids can be 
further treated in hybridization assays or amplification 
procedures. The weakly basic polymers are water-solu- 
ble and cationic at acidic pH, but neutral in charge at ba- 
sic pH. 
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Description 
Field of the Invention 
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amplification. It also relates to a test kit for use in the method. 
BackarouP H n1 lhe Invention 

», ds.slopm.n.olhioM, ^^"T'^'SZ*^ ««* » indic,U«.ol diss.** and g.n.llc 
»rt^»*' rt ^SSi„ to such IKhnolog, Is based up*. m» 

P rotoco,s - 1J( Ulrl ,= narticles however, there remains a need to separate them from 

Once nucleic acids are extracted from cells or virus ^™»> no * ev . , ex wilh nuc | eic acids 

prSJ22S isolating enzymes, and in affinjy columns for ^ h an ^ phosphat9 ester su, 

More recently, our co.leagues have use o^y e h^en m •^^^^^.^tm^m 
factanttocaptureandselectively isolate nucleic acids.Wh le That • the amount of ph0 sphat9 
the use of two separate reagents in deferent -^^^TSSS^ ^ in ,h6 ***** ^ ** 

isolation of nucleic acids. 
Quryimary nl the Invention 

The problems noted above are overcome with a method for providing a nucleic acid from a lysate comprising the 



steps of: 



nucleic acids present in the lysate, 
» B) separating the water-insoluble precipitate from the lysate, and 

C)contactingthe P recipit^ 
acids from the weakly basic polymer, 

I) providing a target nucleic acid using the steps of: 

21 nucleic acids present in the lysate, including the target nucle.c acd, 
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B) separating the water-insoluble precipitate from the lysate, and 

C) contacting the precipitate with a base to raise the solution pH to greater than 7, and thereby releasing the 
nucleic acids, including the target nucleic acid, from the weakly basic polymer, 

the weaklv basic polymer comprising recurring units derived by addrtion polymerization of one or more ethyl- 
enJly ^SZ^ ™rs having an amine group which can be protonated at acd.c P H, 

I I) amplifying the target nucleic acid present among the released nucleic acids, and 

III) detecting the amplified target nucleic acid. 

A test kit for amplification of a target nucleic acid comprises, separately packaged: 

a) an amplification reaction mixture comprising one or more amplification reagents, and 

b) a weakly basic polymer comprising recurring units derived by addition 

unJlratL po.ymeLble monomers having an amine group which can be protonated at ac.d.c pH. 

iSliililii 

(preferably within 1 0 ™nute»). polyethyleneimine a 'weakly basic" polymer whteh is cationic 

Lnr:"s— srs ^ is* — 

phosphate backbone of nucleic acids. adiustm ent to basic conditions, the nucleic acids are re- 

The npliotbi pr«.*™ »n ». c«™d out un*. bra colons. 

Brief Description of the Drawing 

FIG 1 illustrates data obtained in Example 3 below in bar graphical form. 
FIG'. 2 illustrates data obtained in Example 4 below in bar graphical form. 

Detailed Description of the In vention 

ligase chain reaction as described, for example, in EP-A u J^u juo \puuu & 
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(P Tst1pSmens can inc.ude cellular or vira, material, hair, body fluids or other materia* contain ing J™Jc A or 
5 Ce " S Ra „. ria which can be detected include, but are not limited to. bacteria which may be found in blood, Salmonella 

,o ^^^J^^'STByvlS cXmegirus, human papilloma viruses, influenza viruses, 
limited to, herpes simplex viruses, tpstein tsarr vnus, uy » ( H|V1 d H|V2) Prolozoa n 

respiratory syncytial viruses, h e p« = ^ 

15 ^ ^IreferfedllTm^ the invention is uselui for the isolation, amplication and detection o. nucleic acuds 
associld wUh h1vi HIV2, provira, H.V1 , provirai H,V2, cytomegalovirus, human papilloma virus, mycobactenai spe- 

cine or any other organ, ^^^^^^^ (or acid addition salts thereof), N.N-bis 
^rZ^^ *" ^ " " HSatin9 ^ ^ neC6S " 

about 50-?and 9 p",eJb,y is from about 95 to about 1 25'C, under suitable pressure. As used ,n this paragraph, about 



55 

refers to ±5 



n preferred embodiments, weaker bases can be used with heating, to release the nucleic acids from the preciprtate. 
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Thisprovidesaso.utioncon^ 

comprises: 

? ° I) lysing cells or virus particles to release a target nucleic acid, 

II) subjecting the target nucleic acid to the steps of: 

u < i th^n 7 mntactina the tarqet nucleic acid with a water-soluble, weakly basic polymer in an 

^^0^3^^^ - *• basic a " nucleic acids present 

in the lysate, including the target nucleic acid, 

B) separating the water-insoluble precipitate from the lysate, and 

C) contacting the predate with a base to raise the solution P H to greater than 7, and thereby reusing the 
nucleic acids, including the target nucleic acid, from the weakly bas.c polymer, 

the weaklv basic polymer comprising recurring units derived by addftion polymerization of one or more ethyl- 
« enJ^^XZ^ Vomers having an amine group which can be protonated at acdc pH, 

III) without further adjustment of pH, amplifying the released target nucleic acid, and 

IV) detecting the amplified target nucleic acid. 

but prior to amplification thereof. im/pntim i S nreDared from one or more ethylenically unsatu- 

so at acidic P H. Useful cyclic amine S™P*« ™ZZ wS5 -d qu'inazolinyf groups, 

azinyl, pyrazolyl, triazolyl, tetrazolyl, oxad.azolyl, PY"*^* ■ PV "™ ^ u _ J most p referred . Useful aminoalkyl 
The preferred groups groups including alkylene, 

55 'Tenerally useful polymers for capturing nucleic acids are comprised of recurring units derived by addition poiym- 

erization of: 
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k™„ m m 100 wsiaht Dercent of a water-soluble, weakly basic ethylenically unsaturated polymerizable 
3) S eTst one iroup which can be protonated at acidic pH and which is selected from the group 

pyri piperidy,, piperaziny., pyrazdyl. triazo,y.. tetrazofyl, oxad,a- 

zolyl, pyridazinyl, pyrimidyl, pyrazinyl, quinolinyl and quinazolinyl. 

b) fr om0toabout35weightpercentofano™ 

c) from 0 to about 85 weight percent of a. nonionic. hydrophobic ethylenically unsaturated polymerizable monomer. 

Pre,erab,y, the weakly bask; polymer is comprised of recurring units o, from about 2, to about 1 00 weight percent 
ol aHrom 0 to about 25 weight percent of b), and from 0 to about 80 we.ght percent of c)^ 

VZre spedi c,ass of moLers useful in a) above are those represented by the structure (.). 



40 



45 



SO 



R 3 0 

I II 4 S 

CH 2 = C— C — X — R R 



at acidic pH. ; ^, i(Hq h .it a r« not limited to 1-vinylimidazole, 2-methyl-1 -vinylimidazole, 

th9 Tcts of SeTmonomers of type a) of this invention can be used to prepare either homopolymers or copolymer, 
35 These monomers are defined by the structure (II) : 



R O 

. N 



ch 2 =c-c-nh-r x -n; 
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"iSSaraws. 

addition salts (such as the hydrochloride ° r harederinedherein as -hydro P hiHc", meaning those which, 
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^T^ZZtzl b) and c) which are not novel are generally readily arable from commercial sources, 
or prepared using conventional ^^^^^!^ by condensation of a 1 -(aminoa. k y.)imidazo.e with 

monomers can be obtained from copending European patent appl.cat.on No. cla.rn.ng pnor ty 

USSN 08/306 341 V^?<^"^£, herein can be prepared using conventional solution polymerization 

phates (dNTP's). "oligonucleotide" relers to a molecule comprised of four 

. Generally, the primers used in this inven«on wH, havefrom technjques and equip . 

Primers useful here.r ^^J^^^ £pM Biosystems) or a Biosearch 8600 Series 
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- -k i ie A a Qfis ism Naturallv occurring primers isolated from biological sources are also useful (such as 
described in US-A-4,965,l8b). Naiurany ocuun ny y mivture of owners. Thus, each set 

radioisotopes, electron-dense reagents, chromogens. J"^* P "°J^ a|) chern j| um jnescent moieties (such 
zymes, radioisotopes and specific binding spec.es (such ^^^^S^^ using known 

priate reagents. « mn iifi e H nucleic acid can be detected using detectably labeled avidin 

upon the specific nucleotides in the template . Many useful ^ A P°^«^^^ used for denaturation 
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„ >o rr - «. -«— 0 j^^rrs s™r;" 
p?:^«=^ 

°' ' Tpc^s can b. supplied MWMIy. or In a »*.« «**n baying a pH •„ me range « from aboa, 7 
w about 9 using any satiable butler. me lw0 xarK)s mus , te 

30 TetLred strands are then primed with the appropriate sets ^^^^^Z^ * 

-. „ „„ 

, , R ^°l P ' 70. C Thus priming and primer extension are preferably earned oul in the same step. 

will also be programmable for both primary and s f * ^ 188 and EP-A-0 236,069. Generally, 

d.sled ,n mora del*, ,„ il^^^^^S^ 

> (Schnipelsky el al). all incorporated herein by '«™ e ^r a "» ™" ™ a8vic „ „ nlch na , e ^arei, oomparBnenls 
on. skilled H lha art such lesl packs are also kno«n as ^!™"»* ' '«» *"*• "alely connaoled so raag.nls 
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substrate ot so™ kind, and the other materials in the reaction mbcture are removed in a suitab.e manner, such as by 
Hon and covalent reactions). One such ttnqw " J! £°„ Jf S S . M , 9 ,4,210 (UvensOP « »l) 

as prtyam,* mi cmpo,ou S membranes cal STL ...ntual h»b« M ion proauc 
name a few. Particularly useful materials are magnetic o po ^« P^* ^SLnO leers' Further details about 

for various amplification assays. The Kit can mciuoe « water-insoluble substrate, wash solutions, lysmg 

method of this invention, including capture reagents >™oMz« I on £ water insolub e s ^ 

solutions, detection reagents and other mtfanals ^ a ^^ a ^ W ; 9 u ; e n re 1h ;2; or strong bases and other 
include a separately packaged weakly basic polymer *s describee ' J*^"^^ kft car , 9 also jnclude a test 
so reagents needed for either or both amplification and spec men J^^L* as that ter m is un- 

as ISSSSS^H^^ - « — ■ and are not meant t0 be limi,in9 in 

35 any way. All percentages are by weight unless otherwise noted. 
Materials and Met hnda for Examples: 
Preparation of N-(3-lmiria7olvlpropyh methacrvlarnide: 

This procedure shows the preparation of a novel monomer of structure (I), identified above, but the preparation is 

stirring under a nitrogen atmosphere. Heat was evoivea wun ine i* m separate. The water 

150 p.cduc, cr,s«ed » *o« 0-ft and « «— » *» •«*«•«« •»*» « ™»"' 

of 45-46°C. The yield was 70%. 

Analytical data included, m/e (M-1 1 93), H , 3 g5 ft 2H im . CH 5 . 2 5 and 5.6 (AB.2H.vi- 

1H NMR (DMSO d6) 1.8 (m,2H,C-CH 2 -C,CH 3 ), 3.02 (fn.2H.N-CHa). AW> P,-ai.»n u 2) , 
nyl-CH 2 ) 6.82 and 7.15 (AB,2H,4,5-H of im), 7.6 (S.1H.2-H of ,m), 7.95 (m,1H,NH). 
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Preparation of Homopolvmer: 

ml) and isopropan ol (10 l^Z^ZZ EjSSL-ed HC. (3 ml) was added, 

dissolved in deionized water (80 ml). The solution contained 12% solids. 
Preparation of First Copolymer: 

carried out to remove residual acetone. The polymer was present at 15.5% sohds. 

Preparation of Seco nd Copolymer: 

5.6% solids. 

Preparation of Thir d Copolymer: 

remove residual acetone. The polymer was present at 12.4% solids. 
Pi-Bparation of F ourth Copolymer: 

activity ol about 250,000 units/mg of protein. procedures using an Applied 

50 ■ ^T^oZ %Ts^:Z^ZZ^^ ABI 1 umolar scale, fast 

Sro^^ «- nucleoside denized controlled pore glass supports were of, 

^^^.SCSm-^ * *■ major capsid protein region of human cytomegalovira. DNA were as 

55 follows: 

SEQ ID:N0:1 

5 • -X-CATTCCCACT GACTTTCTGA CGCACGT-3 
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SEQ ID: NO: 2 

5 ' -X-TGAGGTCGTG GAACTTGATG GCGT-3' 

SEQ ID:N0:3 

5 • -GGTCATCGCC GTAGTAGATG CGTAAGGCCT - Y - 3 . 

Primers and probes complementary to the 65 kD antigen region of Mycobacterium tuberculosis DNA were as 
follows: 

SEQ ID:NO:4 

5 • -X-GAGATCGAGC TGGAGGATCC GTACG-3 

SEQ ID:NO:5 

5 • -X-AGCTGCAGCC CAAAGGTGTT GGACT-3 

SEQ ID:NO:6 

5 • -CGAAATCGCT GCGGTGGCCG CAATCTGCTC-Y-3 . 

Primers and probes complementary to the gag region of HIV1 proviral DNA were as follows: 

SEQ ID:NO:7 , 
5 ' -X-TTTGGTCCTT GTCTTATGTC CAGAATGC-3 

SEQ ID:NO:8 

5 ■ -X-ATAATCCACC TATCCCAGTA GGAGAAAT-3 * 

SEQ ID: NO: 9 

5 • -ATCCTGGAAT TAAATAAAAT AGTAAGAATG TATAGCCCTA C-Y-3 ' - 

ln the primer sequences, X --nt^ 

HPL ?hriZe e probe sequences. Y contains two Methylene glycol spacers connected by a phosphate linkage, and 
by pheno^chioroform e^r« 

acetate. Nucleic acids ^^^^^^ « were made in "TE" buffer 

^d^~ 

iments. Sample (5-10 pj) was added to the DNA solution for capture. characteristic 

' r«SS .S— - ,o,30 «o *. «. b,«e-ia. A *»1 « «9« ™c,« 

Q Y in4rfn was used in each 300 ul reaction mixture. 

^sss^i^^^ »• j - ™™ at Bay,or co,,e9e d Medicine ' Texas 
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0«,« Hosp.a, (Houston. T.xa,,. ™~ »n,p,». had 

The final conjugate concentration was 31 2 ng/ml. mnnhj « ir « hvdrate (25 mmolar), sodium chloride (373 

^molar), and decyl sodium S uHate(^ 

Thedye-provding^ m J peroxjde (0 . 03%) , diethylene , r i- 

:i%ttSict ^ — > and sod,um phosphate ' monobas,c ' 

1 -hydrate (10 mmolar). -.,„ ,nny\ 

The aqueous dye signal stop solution contained sodium az,de ^01 /«). oligonucleotide 

The capture reagents were -PJ^^^^^^^^SrS^^iS ^T^^w^m ratio. 1^ average 
identified above to particles of poly [st yreneja £ ^iny y n> r 2 -(N-morpholino) 
diameter) in the following manner. A suspens.cn of the P^J^T^ ,. |ds A te (3 . 3 ml) of the 

ethanesuHonic acid buffer (0.1 6 >; h a ^ 

washed particles, diluted to 3.33% sol.ds in the buffer (0 ' ^ 44 44 o D/m , nanopure water). 

^ buffe ? 4 °: m t pH 8) containin9 

8), potassium chloride (50 mmolar), magnesium chloride (10 -^J** ^J^p'^Z^QA untolar 

specific to DNAporymerase .dentrfied above (50.1 7*™* te cnernica , test pa cks or devices which 

Amplification by PGR was carried out ,n Examp e 2 be^ "«ng "Jj^*™ wefe P Qrmed from a snee , D f 
contained chambers for individual reagents and *$»^^^^ 9Ma ^ 
polyester (0.01 cm thickness) coated with polyethylene (SCOTCH ' PAK 1 w Co. t reagent mixture which 

> chamber about 1 .3 cm in diameter. An opening was prov ded ^[^l^^^a corner of , ne chamber 
was drawn into a chamber by vacuura ^ -^T ml ) tor storage at 4'C 

Perkin Elmer GENEAMP™ PCR System 9600 thermocycler. 

are described in more detail in US-A-4,948,561 (HincK ey « a , p amp | ifica tion reaction mixture was 

Detection was carried out in the following manner. A portion 5 pJ I of the final W 

mixed with a buffer solution W*<«E^^ 

wS^ at 55°C w*h a buffer solution .odium dihydrogen phosphate 
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Tn. dy.-provMing compost™ (100 m) 2 » development, and 

concentration). The buffer was a mixture 01 insyiyuiuAy > mar kers and the product band intensity 

starting materials and conventional procedures. 

ExalT ,ple 1 f uture and Relea «« »f DNA Using Weakly Basic Homopolymer 

This example illustrates the practice of the present invention to capture and release a nucleic acid using poly (1 -vi- 
nylimidazote). Hii.iti™ of ? 4% stock solution (pH 2.3)1 were mixed with calf 

Sow shTws the amount of porymer used and the type of precipitation observed for each sample. 

TABLE I 



35 



40 



Polymer Volume (u.1) 



5 
10 



25 
50 



First Precipitation Pellet 



Barely Visible 
Small to medium 



Large 



Very large 



Second Precipitation Pellet 



Large 
Small 



Not visible 



Not visible 



were available for later use, such as in PCR. 



45 



50 
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solubilizing Condit ions 

50 ti l NaClU molar) 

50 |il NaOH (50 molar) with heating at 

55°C for 5 minutes . ■ - 

50 nl NaOH (100 mmolar) with heating at 

55»C for 5 minu tes . - 

"50 \ll NaOH (50 mmolar) with heating at 

1 00°C for 10 minutes . 

50 111 NaOH (25 mmolar) with heating at 

mnor for 10 minutes — ^TT or 

50 |il "TE" buffer* with heating at 100 C 
for 10 minutes 



Pellet Size 

None 
Small 



None 



None 



None 



Large 



Large 



Large 



Large 



50 ul Zonyl™ FSP nonionic surfactant 
(1.25%) with heating at 100°C for 10 

min utes r . ; ~ 

50 Jil -TW- buffer ** with heating at 
mn»r for 10 minutes 

TE" buffer includes ethyl enediaminetetraacetic acid (1 mmolar) to 

of the nucleic acid by formation of a precipitate (pellet). 

TABLE III 



pH 


Pellet Size 


2.3 


Large 


3 


Large 


4 


Large 


7 


Clear, thick mass 


12 


Barely visible 



Example 2 - T H of °— - ™* Ampliation r* H.V1 DMA and Genomic 

Mycobacterium tuber culosis DNA 

Thi. d— » I. practo o. «. — » c»u». and , e ,„ s e . *,d *, m. p, m ~ e 

o, 2«.t «**. Mowod by °< •» DNA 250 rt 0.5 «W. *m 
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. k , . Hfl QnH 7nNY , tm fsp anionic fluorinated phosphate ester surfactant (25 jil), followed by heat- 
aqueous sodium hydroxide and ZONYL FSP anionic nuonn j f was thgn added 

1) denaturation at 95' C for 15 seconds (80 seconds for first cycle), and 

2) primer annealing and primer extension for 30 seconds at 62'C for target HIV1 proviral DN A. 

u • An = ,in, ,m « 2 u.h of each amplified product solution was added to 4 u.l of a conventional 

(a) Gel electrophoresis: An aliquot (12 ui) of eacn ^P™ P prestained with ethidium 

visualized under ultraviolet light and scored as described above. 

(b) Dye signal in SURECELL™ test devices were obtained as described above. 

ft. L» mixw. did m inhib, ^i- of » Jj£ ^™S«cor,,»,«,, -to. <*>*,,<. 

iTots e^^^^ technique. Samp.es 1 and 2 demonstrated the most efficent amphf -cat.n for H.V1 

proviral DNA (24 and 60 copies per 300 p.l reaction mixture respecWely). 
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Sample 



18 



19 



20 



21 



22 



23 



Volume (ml) 



60 



150 



60 



150 



60 
150 
60 

150 

60 ml unboiled 
calf thymus DN A 
150 ml unboiled 
calf th ymus DN A 
60 ml boiled calf 
thymus DN A 
1 50 ml boiled 
calf thymus DNA 
19.8 ml human 
placental DNA 



60 ml human 
placental DNA 



150 ml human 
placental DNA 



0 



0 



0 



0 



0 



Amplified I Dye Signal | Gel Signal 
Target DNA I Score 



HTV1 
HIV1 

mvi 

HWl 
HIV1 
HTV1 
HTV1 



HIV1 
Mtb 1 * 
Mtb* 
Mtb* 
Mtb* 
Mtb* 



Mtb* 



Mtb* 



Mtb* 
Mtb* 

Mtb* 



0 



0 



8.0 



0 



0 



0 



0 



Mtb* 


8.5 


2.5 


Mtb* 1 


8.5 


2.0 


Mtb* 






Mtb* 


83 




Mtb* 


8.5 


2.0 



★ "Mtb" = Mycobacterium tuberculosis 

Examp ,e 3 gam p .« Preparation -h Amplification of Human Cytomeqalovrlal DNA 

(10mmolar, pH 8). 
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. hMtapl ai inn o r for in minutes To one set at specimens, a weakly basic polymer, poly 

acids. Tris(hydroxymethyl)aminomethane hydrochloride (17 ul, 0.5 molar, pri /) was men 
tion. 

protocol: 

1) denaturation at 94° C for 30 seconds, and 



15 



20 



25 



30 



35 



2) primer annealing and primer extension for 30 seconds at 64°C. 



Detection of amplified products was achieved using dye color signal generation with capture probes as described 
FIG. 1 and Table v peiow snow f ago/o ffl out of g cu | tur e positive specimens , and a specificity 

suming and environmentally unsafe manner. 



TABLE V 



40 



45 



50 




55 



Examp ,e 4 r- p h R.l—> ^" T* h ™V DNA anfi Anipllflotlon Using Severa! Polymers 

Thfe example was carried out similarly to Example 3 above using several weakly basic polymers within the scope 
0,t tl V u 8 s n hCMV DNA dilutions (10 ut) were mixed, by vortexing, with a buffer so.ution (70 containing tris(hy- 
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15 



droxvmethynaminomethane hydrochloride buffer (10 mmolar, pH 8) and TWEEN™ 20 nonionic surfactant £5%Mjd 
SSmZ DNA (20 0.5 vm in 1-5 ml microcentrKuge tubes. Diluted polymer (100 ,1, about 0.24% solids) 
wac ariripri to each tube and the resulting mixture vortexed. 

SSI 1 was poly ^^[N-(3-imidazo, y .pro P y.)methacr y iamide hydrochloride] (12% solids), Polymer 2 was , pjyjMn- 
mrtl^^ei^iwyivl methacrylate] (50:50 weight ratio, 5.3 % solids), and Polymer 3 was polv[N-(3-.m,da- 

SSSTSSS^^ «**^ no ta ^ et nucleic acid - <** controls contained larset nuc,e,c • 

HictiiiPri water M00 uft was mixed with the specimens instead of polymer. 

^ClK^ ™» centrifuged at 14,000 rpm for 30 seconds to separate any precip.tate from the super- 

20 nonionic surfactant. pH 10), followed by vortexing and heating at 100°C for 5 m.nutes. 
The dilution levels of target hCMV DNA stock solutions were as follows: 



Level 1: 1:500 
Level 2: 1 :5,000 



Level 3: 1:50,000 

20 Level 4: 1:500,000 

Amplification anddetection of thecaptured and released target hCMV DNA was carried out similarly to that described 
in Example 3, using 40 cycles of the protocol: 

25 1) denaturation at 95"C for 30 seconds (180 seconds for first cycle), and 

2) primer annealing and primer extension for 30 seconds at 68°C. 

The results are shown in FIG. 2 and in Table VI below. In FIG. 2, the first three sets of bars show the dye color 
so scorls obtained by invention from the hCMV DNA levels captured and subsequent* amp fied for each of three 
weal basic polylrs. The .ast set of bars show the results when no polymer was used to .solate nuc,e,c acds. The 
rive scores in Table VI were determined as described in Example 3 above. 
" The result that the three weakly basic polymers effectively captured and released target nucle.c acd lor 

amplification except at the lowest target nucleic acid level. 
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The invention has been described in detail with particular reference to preferred embodiments thereof, but it will 
understood that variations and modifications can be effected within the spirit and scope of the invention. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME : JOHNSON & JOHNSON CLINICAL DIAGNOSTICS, INC. 

(B) STREET: 100 INDIGO CREEK DRIVE 

(C) CITY: ROCHESTER 

(D) STATE: NEW YORK 

(E) COUNTRY: USA 

(F) POSTAL CODE (ZIP) t 14650-0880 

(ii) TITLE OF INVENTION: METHODS FOR CAPTURE AND SELECTIVE RELEASE OF 
NUCLEIC ACIDS USING WEAKLY BASIC POLYMER AND AMPLIFICATION 
OF SAME 

(iti) NUMBER OF SEQUENCES: 9 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 (EPO) 



(2) INFORMATION FOR SEQ ID NO: It 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH; 27 base pairs 
4 B) TYPE: nucleic acid 
<C) STRAND EDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
CATTCCCACT GACTTTCTGA CGCACGT 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE i other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
TGAGGTCGTG GAACTTGATG GCGT 
(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
GGTCATCGCC GTAGTAGATG CGTAAGGCCT 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
GAGATCGAGC TGGAGGATCC GTACG 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS t single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 5: 
AGCTGCAGCC CAAAGGTGTT GGACT 
(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 6 
CGAAATCGCT GCGGTGGCCG CAATCTGCTC 
(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS x 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: other nucleic acid 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
TTTGGTCCTT CTCTTATGTC CAGAATGC 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic ac 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
ATAATCCACC TATCCCAGTA GGAGAAAT 
(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic ac 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
ATCCTGGAAT TAAATAAAAT AGTAAGAATG TATAGCCCTA C 



Claims 

1 A method lor providing a nucleic acid .rom a lysate comprising the steps of. 
all nucleic acids present in said lysate. 

B) separating said water-insoluble precipitate Irom said lysate. and 
nucleic acids from said weakly basic polymer, 

about 0.5 weight %. 



23 



EP 0 707 077 A2 

The method of claim 1 wherein said weakly basic polymer is comprised of recurring units derived by addition polym- 

erization of: 

al from about 1 5 to 1 00 weight percent of a water-soluble, weakly basic ethylenicaiiy unsaturated polymerizable 
mnnomSv na at leLt one group which can be protonated at acidic pH and which is selected from the group 
Z^^SZvZ isoxazoH, pyridyl. Piperidyl, piperazinyl. pyrazolyl, triazolyl, tetrazolyl. oxa- 
diazolyl, pyridazinyl, pyrimidyl, pyrazinyl, quinolinyl and quinazolinyl, 

b ) , r o m otoabout35weightpercentofanonionic,hydro P hilicethylenically unsaturated polymerizable monomer, 
and 

c) from 0 to about 85 weight percent of a nonionic, hydrophobic ethylenicaiiy unsaturated polymerizable mon- 

omer. 

The method of claim 1 wherein a weak base is used in step C), accompanied by heating said water-insoluble pre- 
cipitate at from about 50 to about 125°C. 

The method of claim 1 wherein a strong base is used in step C) wrthout heating said water-insoluble precipitate. 
A method lor the amplification and detection of a target nucleic acid comprising: 
I) providing a target nucleic acid using the steps of : 

A) at a P H of less than 7, contacting a *sate suspected of containing a target nucleic acid with a water-sol- 
ute weakly basic polymer in an amount sufficient to form a water-insoluble precipitate of sa,d weakly basic 
polymer with all nucleic acids present in said lysate, including said target nucleic acid, 

B) separating said water-insoluble precipitate from said lysate, and 

C) contacting said precipitate with a base to raise the solution pH to greater than 7, and thereby releasing 
said nucleic acids, including said target nucleic acid, from said weakly basic polymer, 

said weak^ basic polymer comprising recurring units derived by addition polymerization of one or more 
ethylentally unsaturated polymertab.e monomers having an amine group which can be protonated at acdic 
pH, 

II) amplifying said target nucleic acid present among said released nucleic acids, and 

III) detecting said amplified target nucleic acid. 

9 The method of claim 8 further comprising, after step C), the step: 

D) adjusting the pH of the solution containing said released nucleic acids to from about 6, to about 9. 

1 0. The method ol claim 8 wherein said amplifying is accomplished by polymerase chain reaction using a thermostable 
DNA polymerase and at least one labeled primer. 

1 1 The method of claim 8 for the amplification and detection of a target nucleic acid associated with HIV1 , HI V2 provh-al 
£ rSoSal H.V2. cytomegalovirus, Mycobacterium sop., human papilloma virus, hepatrtis viruses or a genet.c 
disease using primers specific to and hybridizable with the strands of said target nucleic acid. 

1 2. The method of claim 8 wherein said weakly basic polymer is comprised of recurring units derived by addition polym- 

erization of: 

a) from about 1 5 to 1 00 weight percent of a water-soluble, weakly basic ethylenicaiiy unsaturated polymerizable 
monomer hav ng at .east one group which can be protonated at acidic pH and which is selected rom the group 
StU ImktoW. isoxazolyl, pyridyl, piperidyl, piperazinyl, pyrazolyl, tnazo.yl, tetrazolyl, oxa- 
diazolyl, pyridazinyl, pyrimidyl, pyrazinyl, quinolinyl and quinazolinyl, 
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b) from 0 to about 35 weight percent of a nonionic, hydrophilic ethylenically unsaturated polymerizable monomer, 
and 

c) from 0 to about 85 weight percent of a nonionic, hydrophobic ethylenically unsaturated polymerizable mon- 
omer. 

1 3 The method of claim 1 2 wherein said weakly basic polymer is comprised of recurring untts of from about 20 to about 
' 100 weight percent of (a), from 0 to about 25 weight percent of (b), and from 0 to about 80 weight percent of (c). 

14. The method of claim 12 wherein monomer (a) has the formula (I): 

R 3 O 



CH 2 = C— C — X — R 4 — R 



s 



wherein R 3 is hydrogen or methyl, 

X is oxy or imino, , ±l _ . . , 

R4 is a divalent hydrocarbon linking group having from 1 to 8 carbon or hetero atoms in the chain and com- 
prising one or more alkylene groups, provided that when there are more than one alkylene group they are linked 
together in R 4 with one or more carbonyl, oxy, imino, ester or amido groups in any operable combination, and R» 
can be terminated with carbonyl, oxy, imino, ester or amido group, and 

RS is a cyclic amine or primary, secondary or tertiary aminolkyl group which can be protonated at acidic pH. 

6. The method of claim 14 wherein said monomer (a) has the structure (II): 



O 

■ » 

CH, = C— C— NH— R 1 — N 



N 



wherein R is hydrogen or methyl, and R 1 is alkylene of 1 to 3 carbon atoms. 

16. The method of claim 12 wherein: ■• 

monomer (a) is selected from the group consisting of N-(3-imidazolylpropy l)methacrylamide, 1 -vmyhmidazole, 
2-methyM-vinylimidazole, 2-vinylpyridine, l-hydroxy-6-vinyMH-benzotriazole, 2-aminoethyl methacrylate hydro- 
chloride 2-aminoethyl acrylate hydrochloride, 1-vinylpyrrolidinone. 3-(N,N<)imethylamino)propyl methacrylae, 
2-aminoethyl methacrylate, N-(3-aminopropyl)methacrylamide hydrochloride, 2-vinylquinoline N-(2-.m,dazolyle- 
thyl)methacrylamide, N-(3-imidazolylpropyl)acrylamide, N-(imidazolylmethyl)acrylam.de, N-(1 ,1 -d,methyl-3-imida- 

zolvlpropyDacrylamide and acid addition salts thereof, „„_...__, , 

monomer (b) is selected from the group consisting ol acrylamide, 2-hydroxyethyl acrylate, 2,3-d,hydroxypropyl 
acrylate, 2. 3-d ihydroxy propyl methacrylate, poly(ethyleneoxy)ethyl methacrylate (having 2 to 10 ethyleneoxy 

groups), and N,N-dimethyl acrylamide, and m , u, ltw i 

monomer (c) is selected from the group consisting of methacrylamide, 2-hydroxyethyl methacrylate, N-t-butyl- 
methacrylamide, ethyl acrylate, methyl methacrylate, styrene, vinyltoluene, methyl acrylate and butyl acrylate. 

17 The method of claim 12 wherein said weakly basic polymer is poly[N-(3-imidazolylpropyl)methacrylamide hydro- 
' chloride-co-acrylamide], P oly[N-(3-imidazolylpropyl)methacrylamide hydrochloride-co-2-hydroxyethyl methacr- 
ylate] poVd-vinylimidazole). poly(2-aminoethyl methacrylate hydrochloride-co-2-hydroxyethyl methac^late), poly 
(1-vinylimidazole-co-2-hydroxyethyl methacrylate), poly[N-(1, 1-dimethyl-3-imidazolylpropyDacrylam.de] and poly 
(N-2-methyl-1 -vinylimidazole). 

18. A test kit for amplification of a target nucleic acid comprising, separately packaged: 

a) an amplification reaction mixture comprising one or more amplification reagents, and 

b) a weakly basic polymer comprising recurring units derived by addition polymerization of one or more ethyl- 
enically unsaturated polymerizable monomers having an amine group which can be protonated at acidic pH. 
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19 .Thetest ki to1^ 

erization of: 

diazolyl, pyridazinyl. pyrimidyl, pyrazinyl. quinolinyl and qumazolmyl, 

b) from0toabom35wei g ht P ercento»anon^^ 

to and 

c) irom 0 to about 85 weight percent of a nonionic, hydrophobic ethylenically unsaturated polymerizable mon- 



omer. 



« 20 The test kit of Cairn 1 8 wherein said amotion reaction mixture comprises a set of primers, at least one of which 
' is labeled, a plurality of dNTP's and a thermostable DNA polymerase. 

21 . The test kit of claim 18 comprising a test device containing one or more kit components. 
20 22. The test kit of claim 18 wherein said weakly basic polymer is attached to a solid substrate. 
23. A method for the amplification and detection of a target nucleic acid comprising: 

I) lysing cells or virus particles to release a target nucleic acid, 

II) subjecting said target nucleic acid to the steps ot. 

u « i ~ .h an 7 rontactina said tarqet nucleic acid with a water-soluble, weakly basic polymer in 
2^?^ S^SSSS predate of said weakly basic polymer with a„ nudeic acids 
30 present in said lysate, including said target nucleic acid, 

B) separating said water-insoluble precipitate from said lysate, and 

pH, 

HI) without further adjustment of pH. amplifying said released target nucleic acid, and 
IV) detecting said amplified target nucleic acid. 

prior to amplification thereof. 
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Dye Color Score 
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